emphasized that different host species varied in their ability to alter plaque size and virulence of VEE virus. An additional factor, the ratio of petroleum ether (PE)-soluble to PE-insoluble viral lipid also appeared to depend upon the host from which the virus was derived (Heydrick et al., Federation Proc. 23:400, 1964). It is the purpose of this paper to report the relationships and changes in plaque size, virulence, and lipid content of viral populations that occurred during 10 serial passages of a single strain of VEE virus, with the use of the chick embryo, suckling mouse brain, chick fibroblasts, and L cells as hosts.
The properties of virulence and plaque formation of the equine encephalomyelitis group of viruses have been shown by a number of investigators to be influenced by passage of the virus in various host systems. For example, Marshall et al. (9) found that the large-plaque characteristic of naturally occurring strains of western equine encephalomyelitis virus was maintained consistently during passage in embryonated eggs, less consistently during passage in mouse brain, and was quickly replaced by virus that produced small plaques when passed in chick fibroblast cell culture. The literature contains several reports describing alterations in the properties of Venezuelan equine encephalomyelitis (VEE) virus after passage in cell culture (1, 5, 8, 10, 11) . The work of Hardy and Hearn (4) , Mussgay and Suarez (11) , and Brown (2) indicated a correlation between loss of virulence resulting from passage in cell culture and loss in ability of the virus to form large plaques. In preliminary studies, Hearn Purification ofvirus. The VEE virus from 20% chick embryo suspension, 10% suckling mouse brain suspension, or infected tissue culture fluid was purified by treatment with Celite, clarification with protamine sulfate, and concentration of the virus by high-speed centrifugation (59,000 X g) of the supematant fluid. The concentrated virus was placed on a continuous sucrose gradient, and centrifuged at 53,500 X g for 3 hr in a Spinco SW-25 swinging bucket rotor. The visible virus band, located at a density of 1.14, was removed by puncturing the side of the tube.
Dialysis and lyophilization. Purified virus suspen-
sions from a series of identical gradients were prepared for analysis by diluting the virus band of high sucrose content with 5% sucrose, and sedimenting the virus by high-speed centrifugation (105,000 X g for 2 hr). The resuspended virus pellet was dialyzed against distilled water, and lyophilized in small bottles. Samples were further dried to constant weight over phosphorus pentoxide before extraction of lipids.
Lipid determination. Total lipid was determined by direct weighing of the extracted lipid. Lipid was removed with a microextraction apparatus similar to that described by Schaffer et al. (13) , by use of the extraction procedure of Thomas (14) .
RESULTS
Viral plaque size during passage. As indicated above, embryo and yolk-sac harvests constituted the starting material for passages carried out in parallel in chick embryos, suckling mice, L cells, and CF cells. With one exception that is discussed below, the embryo and the yolk-sac starting materials produced approximately the same results during passage in the four systems. Therefore, only data obtained with virus that originated from the embryo are presented in the tables.
The extent to which the large-plaque characteristic of VEE virus was maintained during passage in these hosts is shown in Table 1 to that found with CF cells. It is interesting to note, however, that small plaques found with L-cell preparations were confined to sizes at the lower end of the small-plaque range (i.e., 0.5 to 1.0 mm), but small plaques induced by the CF preparations usually approached 2 mm in size.
One instance occurred in which the serial passage of virus from chick embryo and yolk-sac seeds did not yield comparable results. During the passage of virus from yolk-sac starting material in L cells, there appeared to be a greater tendency to preserve the large-plaque-forming characteristic of the virus than in virus that originated from chick embryo. This was most evident at the fourth passage, when only 5 % large-plaque virus was recovered from embryo starting material; with the yolk-sac starting material, however, 60% of the virus still produced large plaques. By the 10th passage, 30% of large-plaque virus still persisted.
These results indicate that the chick embryo host maintained the large-plaque characteristics of the virus through 10 passages, and that passage in either L cells or CF produced a much more rapid change in plaque-forming characteristics than did passage in the suckling mouse brain.
Viral virulence during passage. Because the chick embryo seed virus showed a rapid loss of the large-plaque characteristic upon serial passage in vitro, virus from this source was selected for a study of its virulence in mice. Table 2 shows the results of a comparative study with harvests after 1, 5, and 10 passages in chick embryos, suckling mouse brain, L cells, and CF. As long as the serial passages were performed in chick embryos, there was no evidence of attenuation of the virus for mice, since little difference in lethality was found when this strain was assayed by either the ic or ip route. The logio difference in the titers obtained by these routes (ic LDw -ip LDw) was 0.5 log at the first passage, 0.3 log at the fifth passage, and 0.6 log at the tenth passage. Passage of the chick embryo seed in suckling mice resulted, at the first passage, in a difference of 0.2 log, which increased to a maximum of 0.9 log at the fifth passage. In cell cultures, CF cells produced virus possessing a difference of 1.3 logs at the fifth passage and 2.0 logs at the tenth passage. The difference for the virus grown in L cells was 1.9 logs at the fifth and 2.4 logs at the tenth passage. These results suggest that partial attenuation of virulent VEE virus, as shown by an increased inability to produce lethality by the ip route, paralleled the inability of the virus to form large plaques. Thus, virus from chick embryos failed to show any appreciable alteration in virulence for mice after 10 serial passages. Virus from suckling mice showed only a slight decrease in virulence that began at the fifth passage and was repeated at the tenth passage. Virus from CF or L cells showed, by the fifth passage, a significant decrease in virulence that was diminished even more by the tenth passage.
Effect of passage in different host systems on the lipid content of the virus. Purified preparations of VEE virus were obtained after 1, 5, and 10 passages of the virus of chick embryo origin both in L cell and in CF monolayers. Purified virus was obtained also after one passage in the chick embryo and one and five passages in suckling mouse brain. -These preparations were dialyzed, lyophilized, and analyzed for PE-soluble and PE-insoluble lipids.
The results of these analyses are presented in Table 3 . The total lipid content of purified virus from the L-cell host system did not differ significantly at the 1st, 5th, and 10th passage levels, and was similar to the average value of 24.3% (Wachter and Johnson, Federation Proc. 21:461 1962) for VEE virus purified from chick embryo suspensions. However, the ratio of PE-soluble and PE-insoluble (PEs-PEi) lipid was 1.6:1 for VEE virus purified from chick embryo at the first passage, and that propagated in L cells was 1:3.1 at the first passage. This ratio for L-cell virus remained approximately the same at successive passage levels. Similarly, neither the total lipid content nor the PEs-PEi ratio of virus derived from CF monolayers was significantly different beyond the first passage. The total lipid content of VEE virus propagated in CF cells appeared to be only slightly lower than that of virus propagated in L cells, but had an average PEs-PEi ratio of about 1:2 compared with a ratio of 1:3 for the L-cell product. The total lipid content and lipid ratio of virus derived from a single passage in suckling mouse brain were similar to those of the virus from CF cells; the apparently higher total lipid of the fifth passage mouse brain viral preparation can not be considered significant without confirmation by further analyses.
These results indicate that a single passage in any one of the host systems determines the nature of the lipid of VEE virus in terms of the relative proportions of PE-soluble and PE-insoluble lipid, and that the total lipid and lipid ratios do not change significantly during 10 
